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component temperature sensor, and a fluid circuit in fluid
communication with the component and with a flmd tem-
perature sensor. A controller 1s in communication with the
component sensor and the fluid sensor. The controller 1s
configured to, in response to a temperature diflerence
between the component sensor and the fluid sensor being
greater than a predetermined threshold value, output a flag
or a diagnostic code indicative of a fluid level 1n the fluid
circuit. A vehicle diagnostic method and a vehicle are also
provided.
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FLUID SYSTEM FOR A VEHICLE AND A
DIAGNOSTIC METHOD FOR THE SYSTEM

TECHNICAL FIELD

Various embodiments relate to a vehicle fluid system and
a diagnostic method for the vehicle fluid system.

BACKGROUND

As a vehicle operates, fluid 1s circulated 1n a fluid system
to lubricate and/or cool a vehicle component. The fluid
system conventionally has a flmd level sensor to determine
the level of the fluid 1n the system and provide an alert to a
vehicle operator when the fluid level 15 low.

SUMMARY

According to an embodiment, a vehicle 1s provided with
an electric machine positioned within a housing having a
sump. A component temperature sensor 1s connected to the
clectric machine to measure a temperature of the electric
machine. A fluid system 1s 1n fluid communication with the
housing and contains a lubricant. The fluid system receives
fluid from the sump and delivers fluid to the electric
machine. The fluid system has a fluid temperature sensor to
measure a temperature of the lubricant. A controller 1s in
communication with the component temperature sensor and
the fluid temperature sensor. The controller 1s configured to,
in response to a temperature diflerence between the com-
ponent temperature sensor and the fluid temperature sensor
being greater than a predetermined threshold value, output a
diagnostic code indicative of the lubricant 1n the fluid system
being less than a predetermined flud level.

According to another embodiment, a vehicle system 1s
provided with a vehicle component with a component tem-
perature sensor. A fluid circuit 1s 1n fluid communication
with the component, and has a fluid temperature sensor. A
controller 1s 1n communication with the component sensor
and the fluid sensor. The controller 1s configured to, 1n
response to a temperature diflerence between the component
sensor and the fluid sensor being greater than a predeter-
mined threshold value, output a flag indicative of a fluid
level 1n the fluid circuait.

According to yet another embodiment, a diagnostic
method for a vehicle fluid system i1s provided. A signal
indicative of a vehicle component temperature 1s received. A
signal indicative of a fluid system temperature i1s received
from a flmd system in fluid communication with a vehicle
component. A diagnostic code 1s output, the diagnostic code
1s 1ndicative of a fluid level in response to a temperature
difference between the vehicle component temperature and
the fluid system temperature being greater than a predeter-
mined threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a vehicle according to an
embodiment and capable of implementing various embodi-
ments ol the present disclosure;

FIG. 2 1s a schematic view of a vehicle system and fluid
system according to an embodiment, and for use with the
vehicle of FIG. 1;

FIG. 3 1s a schematic view of a vehicle system and
component according to an embodiment, and for use with

the vehicle of FIG. 1 and the vehicle system of FIG. 2;
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2

FIG. 4 1s a flow chart of a diagnostic method according to
an embodiment; and

FIG. 5 1s a flow chart of a sub-method for use with the
diagnostic method of FIG. 4.

DETAILED DESCRIPTION

As required, detailed embodiments of the present disclo-
sure are provided herein; however, 1t 1s to be understood that
the disclosed embodiments are merely exemplary and may
be embodied 1 various and alternative forms. The figures
are not necessarily to scale; some features may be exagger-
ated or minimized to show details of particular components.
Therefore, specific structural and functional details dis-
closed herein are not to be iterpreted as limiting, but merely
as a representative basis for teaching one skilled 1n the art to
variously employ the present disclosure.

FIG. 1 illustrates a schematic view of a vehicle 50
according to an embodiment, and capable of implementing
vartous embodiments according to the present disclosure.
The vehicle 50 1llustrated 1s shown as a hybrid vehicle, and
1s a parallel or power split hybrid electric vehicle. In other
examples, various embodiments of the present disclosure
may be implemented with other vehicle system architec-
tures, including a series hybrid electric vehicle, a battery
electric vehicle, start-stop vehicle, a micro-hybrid vehicle, a
conventional vehicle with a spark or compression 1gnition
internal combustion engine, or the like. The vehicle may be
provided as a plug-in electric vehicle such that the traction
battery may be charged using power from an external power
source, ¢.g. the electric grid, via a charging plug as shown,
or alternatively, may be provided without a charging plug.

One example of a power split PHEV 30 capable of
implementing the present disclosure 1s shown 1 FIG. 1.
FIG. 1 illustrates the power split hybrid electric vehicle 50
powertrain configuration and control system. In this pow-
ertrain configuration, there are two power sources 32, 54 that
are connected to the driveline. The first power source 52 1s
a combination of engine and generator subsystems using a
planetary gear set to connect to each other. The second
power source 54 1s an electric drive system (motor, genera-
tor, and battery subsystems). The battery subsystem 1s an
energy storage system for the generator and the motor and
includes a traction battery.

During operation of the vehicle 50 using the second
power source 54, the electric motor 60 draws power from the
battery 66 and provides propulsion independently from the
engine 56 to the vehicle 50 for forward and reverse motions.
An inverter 65 may be positioned between the battery 66 and
the electric machine 60 and generator 58. The nverter 63
may 1include a variable voltage converter as well. This
operating mode 1s called “electric drive”. In addition, the
generator 58 can draw power from the battery 66 and drive
against a one-way clutch coupling on the engine output shaft
to propel the vehicle forward. The generator 58 can propel
the vehicle forward alone when necessary. The two power
sources 52, 54 are integrated and controlled to meet the
user’s demand without exceeding the system’s limits (such
as battery limits) while optimizing the total powertrain
system efliciency and performance.

As shown 1n FIG. 2, there 1s a hierarchical vehicle system
controller (VSC) 68 that controls the power split powertrain
system. Under normal powertrain conditions (no subsys-
tems/components faulted), the VSC 68 interprets the user’s
demands (e.g. PRND and acceleration or deceleration
demand), and then determines the wheel torque command
based on the user demand and powertrain limits. In addition,
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the VSC 68 determines when and how much torque each
power source needs to provide 1n order to meet the user’s
torque demand and achieve the operating point (torque and
speed) of the engine.

The VSC 68, which includes an electronic control unit
(ECU), 1s connected to or mtegrated with a human-machine
interface (HMI) 70, or user interface. The user interface 70
may include a user iput and a display. The user input may
be touch screen and/or a series of tactile buttons. The display
may be a screen and/or gauges for displaying information to
the user. The user interface may include warning lights, such
as a fluid level light providing an indication to the user or
operator that a fluid level in the system may be below a
predetermined fluid level, e.g. a “low” fluid level. The VSC
may set a diagnostic code or flag that 1s indicative of a fluid
level 1n the system that 1s below a predetermined fluid level,
¢.g. a “low” fluid level. In response to the diagnostic code or
flag being set, the VSC may activate an indicator light on the
user 1nterface, and/or provide the diagnostic code or flag to
a user 1mterface such as a multi-pin diagnostic connector or
wireless diagnostic connector for access by a service tech-
nician. Furthermore and 1n response to the diagnostic code
being set, the VSC 68 may cause the vehicle to enter a
limited mode of operation, such as a service mode.

The control system for the vehicle 50 may include any
number of controllers, and may be integrated into a single
controller, or have various modules. Some or all of the
controllers may be connected by a controller area network
(CAN) or other system. It 1s recognized that any controller,
circuit or other electrical device disclosed herein may
include any number of microprocessors, integrated circuits,
memory devices (e.g., FLASH, random access memory
(RAM), read only memory (ROM), electrically program-
mable read only memory (EPROM), electrically erasable
programmable read only memory (EEPROM), or other
suitable variants thereof) and software which co-act with
one another to perform operation(s) disclosed herein. In
addition, any one or more of the electrical devices as
disclosed herein may be configured to execute a computer-
program that 1s embodied 1n a non-transitory computer
readable medium that 1s programmed to perform any num-
ber of the functions as disclosed herein.

The battery 66 may be recharged or partially recharged
using a charging adapter 67 connected to a charging station
powered by an external power source, such as the electrical
orid, a solar panel, and the like. In one embodiment, the
charging adapter 67 contains an inverter and/or a trans-
former on-board the vehicle.

The VSC 68 may receive signals or inputs ifrom various
sources to control the vehicle. These mputs include mnputs
from various sensors on the vehicle and 1ts components,
including those associated with a vehicle state such as
battery state, fuel level, engine temperature, lubricant tem-
perature, coolant temperature, vehicle speed, APPS sensor
position indicating a tip in request, component torque from
an engine or electric machine torque sensor, component
speed from an engine or electric machine speed sensor, and
the like. Route and map information may also be provided
to the VSC 68 from a navigation system, which may be
incorporated into the user interface 70.

The VSC 68 may also be in communication with a fluid
system 74 for the vehicle and/or one or more of 1ts compo-
nents. In one example, the fluid system 74 or fluid circuit 1s
provided as a coolant circuit containing a coolant fluid for
use 1n controlling a temperature of one or more of the
vehicle components, such as the engine, battery, or electric
machines. In another example, the fluid system 74 or tluid
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circuit 1s provided as a lubricating circuit containing a
lubricant fluid for use 1n lubricating moving parts of one or
more of the vehicle components, such as the engine, trans-
mission, or electric machines. A lubricating circuit may
additionally provide cooling or temperature control of the
components. The fluid system 74 contains one or more
sensors to provide mput to the VSC 68, such as a fluid
temperature sensor, pump speed sensor, and the like; and the
VSC 68 may control operation of the flmd system.

FIG. 2 1illustrates a vehicle system 100 having a compo-
nent and an associated fluid system according to an embodi-
ment, and configured to 1mplement various embodiments
according to the present disclosure. In one example, the
component may be the electric machine 58, and the fluid
system may be the fluid system 74 of FIG. 1. In other
examples, the component may be the electric machine 60, a
gear member 1n the transmission or planetary gearset, an
internal combustion engine, a battery, or the like. Reference
numbers for elements that are the same as or similar to those
described above with respect to FIG. 1 are given the same
reference number for simplicity.

According to the example shown, the vehicle system 100
has a vehicle component 102, such as a electric machine or
generator 38. The vehicle system may additionally contain
components such as a planetary gearset 62, and another
clectric machine 60. The vehicle component 102 i1s con-
tained within a housing 104. The housing may provide a wet
environment surrounding at least a portion of the component
102, or alternatively the component 102 may define internal
fluid passages 1n communication with the fluid system 74.

The fluid system 74 may be provided as a fluid circuit.
The fluid system 74 draws fluid from a reservoir or sump
106. The reservoir or sump 106 may be defined by the
housing 104 and defines a fluid outlet 108. Fluid may flow
through a filter element 110, and then through a pump 112.
The pump may be mechanically driven and/or electrically
driven. The pump 112 pressurizes the fluid and delivers 1t to
a fluid 1nlet 114 for the housing 104. The housing 104 may
contain various tluid passages and ports to deliver pressur-
ized fluid, such as a lubricant, to various rotating compo-
nents within the housing 104. The fluid in the housing 104
then drains back to the sump 106.

As shown 1n FIG. 2, the vehicle system 100 does not have
a fluid level sensor, and the present disclosure provides for
a method of determining when the fluid level 1s low, or less
than a predetermined flud level. In other examples, the
vehicle system may be provided with a fluid level sensor,
¢.g. at the sump, and the present disclosure provides for a
method of determining when the fluid level 1s low or less
than a predetermined value 1n order to confirm that the fluid
level sensor 1s operating correctly, or 1n the event that the
fluid level sensor stops operating.

The controller 68 1s configured to implement various
methods according to the present disclosure for the vehicle
system. The controller 68 1s 1n communication with a tfluid
temperature sensor 120 that 1s configured to measure the
temperature of the fluid and provide a signal to the controller
68. The fluid temperature sensor 120 may be positioned 1n
the sump 106. In other examples, the fluid temperature
sensor may be provided at another location within the fluid
system 74.

The controller 68 1s also 1n communication with a vehicle
component temperature sensor 122. The vehicle component
temperature sensor 122 1s configured to measure the tem-
perature of the vehicle component and provide a signal to the
controller 68. The component temperature sensor 122 1is
connected to the vehicle component 102. In the example
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shown, the component temperature sensor 122 1s connected
to the stator of the electric machine 38, and may be provided
as a bearing temperature sensor or thermistor, or a coil
temperature.

The controller 68 also receives signals from sensors that
are 1ndicative ol a vehicle state. In one example, and as
shown, the controller 68 receives a signal from a sensor 124
associated with a state of the vehicle component. The sensor
124 may provide a signal indicative of a torque of the
clectric machine 38 to the controller 68. The sensor may
alternatively provide a signal indicative of a speed of the
clectric machine 38.

For other vehicle components such as those 1n a battery
clectric vehicle, the controller 68 may receive a signal
indicative of an electric machine coil temperature. The
controller 68 may additionally or alternatively receive a
signal indicative of another vehicle state using a signal from
another sensor 126 on the vehicle or vehicle system, such as
a vehicle speed, fluid mass tlow, heat transfer rate, APPS
position, torque command or request to the vehicle pow-
ertrain or a component, and the like.

The controller 68 implements a method, such as method
150 as described below with reference to FIG. 4, to provide
a diagnostic for a vehicle system with a vehicle component
thermally managed by a liquid fluid 1n a fluid system. When
the component heats up during vehicle operation, the fluid 1s
circulated to remove heat and/or lubricate the component. In
various examples when a physical fluid level sensor 1s not
present in the system or 1s unavailable to measure the level
of coolant, the controller uses the method 150 to detect a loss
of fluid or a low tluid level by analyzing the temperature and
heating characteristics of the component compared to the
fluad.

Rotating machinery that produce or transfer power, such
as a transmission or electric machine, generates heat and
may require cooling and lubrication with operation. For
example and with reference to FIGS. 1-2, lubricant such as
a transmission fluid 1s delivered to the housing 104 and drips
onto and splashes on electric machine 58. When the con-
troller determines that a fluid level 1s low, or below a
predetermined fluid level, the controller may set a diagnostic
code or flag to alert the driver that a service event may be
needed. In other embodiments, and as contemplated by the
disclosure, the method 150 as described below may be

applied to another vehicle or vehicle system using a coolant
or lubricant fluid and a component, and provide a diagnostic
for a low flud level.

FIG. 3 illustrates a partial schematic view of a housing
104 similar to that described above with reference to FIG. 2.
In FIG. 3, the fluid tlows through a port 130 1n the housing
and 1s directed to the electric machine 58. The fluid may be
a lubricant, and drips on top of, splashes on, and surrounds
the base of the generator 58. The base of the generator may
be positioned adjacent to the sump 106, and may be a
component in the housing that i1s closest to the sump. In
turther examples, at least a portion of the vehicle component
1s 1n contact with or soaked with fluid in the sump 106. The
fluid may be unevenly distributed about the electric machine
58, and 1n the example shown, the lubricant sprayed from the
port flows heavier towards the left-hand side of the generator
58; however, the right-hand side also receives fluid. The
lubricant flow about the electric machine 58 i1s shown
generally in FIG. 3 using arrows. The generator 58 may
additionally throw lubricant as 1t rotates. The amount of
lubricant that the generator 58 throws 1s related to the speed
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of the generator 58. The speed of the generator 38 may
therefore delay drainage of the fluid mto the sump and vary
the fluid level in the sump.

FIG. 4 illustrates a flow chart for a method 150 according,
to the present disclosure. The method 150 may be imple-
mented by a controller such as controller 68 in FIGS. 1-2. In
other examples, various steps may be omitted, added, rear-
ranged into another order, or performed sequentially or
simultaneously. Although the method 150 1s described with
respect to use with a vehicle system as shown 1n FIG. 2, the
method may likewise be applied for use with a vehicle
system having another vehicle component and fluid system
as described above, and 1n a vehicle with another architec-
ture as described above with respect to FIG. 1.

Generally, the controller 68 implements the method 150
and outputs a flag or a diagnostic code indicative of the
lubricant 1n the fluid system being less than a predetermined
fluid level 1n response to a temperature difference between
the component temperature sensor and the fluid temperature
sensor being greater than a predetermined threshold value.

At step 152, the controller 68 determines if the vehicle 1s
operating and 1if the fluid system 1s operating. The vehicle
operating may be indicated by a “key on” state of the
vehicle. The fluid system operating may be indicated by the
pump rotating.

At step 154, the controller determines at least one vehicle
state. The vehicle state may be a state of the component
and/or a state of the vehicle. According to one example, the
vehicle state 1s at least one of a torque value and a speed
value for the vehicle. In the present example, the controller
receives a signal indicative of torque of the electric machine
from a torque sensor associated with the electric machine,
and also recerves a signal indicative of a speed of the vehicle
from a vehicle speed sensor. In other examples, the vehicle
state may be associated with an electric machine coil tem-
perature, an electric machine speed, current tlow through a
component, a vehicle speed, a fluid mass flow, a heat transfer
rate, an APPS position, a torque command or request to the
vehicle powertrain or a component, and the like. The vehicle
state may provide an indication or representation of the
vehicle drive cycle or the vehicle driving condition that the
vehicle 1s currently operating 1n.

In various examples, the controller may calculate the
vehicle state using a rolling average of data from at least one
signal associated with the vehicle state. The rolling average
may reduce noise in the signal. The rolling average may be
calibratable for the vehicle, and may be selected between a
ten-second average to a five-minute average. In some
examples, a thirty-second average or one-minute average
may be selected. The rolling average time for the vehicle
states may be the same as one another or different from one
another. The controller may calculate a first value as a rolling
average of the electric machine torque, and calculate a
second value as a rolling average of the vehicle speed.

In the present example, the torque of the electric machine
58 1s used as a vehicle state because 1t scales with an
clectrical current of the electric machine, which 1s directly
related to the amount of heating 1n the electric machine. The
vehicle speed 1s used as the other vehicle state as 1t repre-
sents driving conditions for the vehicle or a driving cycle,
such as low speed city driving or high-speed highway
driving. The dniving cycle provides an indication of the

amount of vehicle torque required for vehicle propulsion,
and therefore also relates to the amount of electrical current

for the electric machine. The vehicle speed may also corre-
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late to tluid splashing and mixing in the sump and housing,
as well as to airtlow and natural air-aspiration cooling of the
transmission.

At step 156, the controller receives a signal indicative of
a vehicle component temperature from a component tems-
perature sensor associated with a vehicle component.

At step 1358, the controller receives a signal indicative of
a fluid system temperature from a fluid temperature sensor
in a fluid system in fluidd communication with the vehicle

component.

For each of steps 156 and 158, the controller may filter the
temperature signals to reduce noise.

At step 160, the controller calculates a temperature dif-
ference between the temperature sensed for the vehicle
component and the temperature sensed for the fluid. Typi-
cally, when a vehicle 1s operating and after a warm-up
period, the component temperature 1s higher than the tluid
temperature. In one example, the temperature difference 1s
calculated as the component temperature minus the fluid
temperature.

At step 162, the controller uses a vehicle state to select a
predetermined threshold value (C) from a set of predeter-
mined threshold values. The predetermined threshold value
may vary with different vehicle states, and the controller
may reference a lookup table to determine the threshold
associated with the present vehicle state for use 1n the
method 150. The predetermined threshold value represents
an expected temperature diflerence between the component
and the fluid under a normal or acceptable fluid level in the
fluid system, e.g. a fluid level above the predetermined fluid
level.

The predetermined threshold value may be dependent on
a vehicle drive cycle(s) or the vehicle dniving conditions.
The predetermined threshold value may be dependent on the
vehicle state, or may be dependent on more than one vehicle
state. As the vehicle state(s) changes, the predetermined
threshold value selected from the set of predetermined
threshold values also changes. A vehicle drive cycle may
include drive cycles associated with city driving, highway
driving, cold weather, hot weather, high altitude, high grade,
mountain driving, rolling hill driving, driving after cold
soak, and the like. In one example, the set of drive cycles
encompasses all temperature and road conditions that a
production vehicle may encounter in the real world, and are
therefore related to the vehicle driving conditions.

In one example, and as described below with reference to
FIG. 5, the predetermined threshold value may be deter-
mined using data collected from fleet vehicles driving 1n the
various driving cycles and conditions to provide statistically
significant samples for correlation between driving cycle, or
vehicle driving condition, and the expected temperature
difference.

According to the present example, the controller may
input the first value indicative of an electric machine torque
and the second value indicative of a vehicle speed into a
lookup table containing the set of predetermined threshold
values to select the predetermined threshold value from the
set of predetermined threshold values.

At step 164, the controller compares the temperature
difference to the predetermined threshold value (C).

If the temperature difference is less than or equal to the
predetermined threshold value, the controller proceeds back
to step 152.

If the temperature difference 1s greater than the predeter-
mined threshold value, the controller proceeds to step 166,
and sets a tlag or diagnostic code. The flag or diagnostic
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code 1s indicative of the fluid level in the fluid circuit being
less than a predetermined tluid level.

The present disclosure therefore provides for a diagnostic
method for a vehicle that detects a loss of coolant 1n a fluid
system with heat transfer between the fluid and a vehicle
component, or the fluid level being below a predetermined
fluid level. The method uses temperature data and other
measured vehicle data to detect a low fluid level or the loss
of flmd. For example, a vehicle component and the fluid are
cach are equipped with their own temperature sensors. A
temperature relationship exists between the component and
the fluid, regardless of whether or not the fluid’s primary
purpose 1s to lubricate or to cool the component. The method
may determine a reduction in fluid volume 1n the system, or
a level of the fluid being low, based on temperature difler-
ences and changes between the component and the fluid. The
method may determine 1f the temperature diflerence deviates
from a normal or expected temperature difference at that
vehicle operating state, and tlag an event with deviation as
a possible loss of fluid or low fluid event.

For example, 11 the component ordinarily heats up from
heavy usage or load such as a rapid vehicle acceleration or
high-speed driving, then an increase 1n the temperature
difference between the component and the flmud may fall
within an expected or normal behavior. However, 1f the
component heats up excessively under these conditions, or
1s heating up unusually during normal usage conditions, then
an 1ncrease 1n the temperature difference between the com-
ponent and the fluid may indicate a possible loss of fluid 1n
the system or a low flud level.

By using rolling averages of a vehicle state such as an
clectric machine torque and a vehicle speed to predict a
normal distribution of temperature differences between the
clectric machine and fluid, the method may detect deviations
and unexpected generator heating to indicate low fluid
levels. The method may provide a code or flag to warn the
driver of a possible low fluid condition and indicate the need
for a service event.

FIG. § 1illustrates a flow chart for a method 200 of
determining a temperature threshold value for use with the
method of FIG. 4 according to an embodiment. The method
200 may be implemented by a controller such as controller
68 in FIGS. 1-2, or may be provided to the controller 68 and
stored for example in memory on-board the vehicle. In other
examples, various steps may be omitted, added, rearranged
into another order, or performed sequentially or simultane-
ously. Although the method 200 1s described with respect to
a vehicle system as shown in FIG. 2 and with the method
150, the method 200 may likewise be applied for use with
a vehicle system having another vehicle component and
fluid system as described above, and in a vehicle with
another architecture as described above with respect to FIG.
1.

At step 162 1n FIG. 4 above, the method 150 references
one or more lookup tables to determine the appropriate
predetermined threshold value from a set of predetermined
threshold values. The lookup table 1s created as described 1n
FIG. 5 with reference to method 200 by learning an expected
temperature difference between the component and the fluid
for the various driving conditions, drive cycles, and vehicle
states. In one example, a single lookup table are created and
referenced. In another example, two lookup tables are cre-
ated and referenced.

At step 202, data files are mput mnto a database. The data
files are representative of real-world driving of vehicles with
the same architecture. The data files may be collected from
vehicle testing, tleet vehicle use, and the like, and may be
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representative of thousands of hours of vehicle operation
across the range of vehicle drive cycles. The data covers a
range ol driving conditions expected for a vehicle, from hot
trips 1n Arizona to cold trips in Canada to mountain driving,
in Colorado, various terrain, highway and city dniving, and
the like. Alternatively, the method 200 may reference an
existing database, for example, one used by a vehicle
calibration engineer.

At step 204, the data files are scanned, and specified
vehicle states, the component temperature, and the fluid
temperature are extracted as a function of time from each
cycle. For example, at each time 1nstant, a speed, a torque,
a component temperature, and a fluid temperature may be
extracted. In one example, a pair of vehicle states are
extracted. In another example, more than two vehicle states
are extracted, and may be examined later in the method 200
to determine which vehicle states are most statistically
significant for use in the final lookup table. In the present
example, and with reference to FIGS. 1-4, the electric
machine 58 torque and the vehicle speed are the vehicle
states that are extracted from the data files.

At step 206, rolling averages are calculated for each of the
extracted vehicle states. The rolling average may be cali-
bratable for the vehicle, and may be selected from a ten-
second average to a five-minute average. In some examples,
a thirty-second average or one-minute average may be
selected. The rolling average time for the vehicle states may
be the same as one another or diflerent from one another.
The rolling averages are used to create a vehicle state patr,
for example, as the rolling average of the electric machine
torque and the vehicle speed. Fach vehicle drive cycle
therefore provides a number of vehicle state pairs, with each
vehicle state pair associated with a different time during the
vehicle drive cycle, and having associated component and
fluid temperatures.

At step 208, bins are defined and created for the vehicle
state pairs from the data file data. Each bin 1s associated with
a unique pair ol vehicle states, or unique combination of
clectric machine torque and vehicle speed. These bins form
the framework for the lookup table or map.

At step 210, the temperature difference between the
component temperature and the fluid temperature 1s deter-
mined for each vehicle state pair and associated time 1s
calculated. Prior to determining the temperature difference,
cach of the component and fluid temperatures may be
filtered using a low pass filter. The temperature diflerence
for each vehicle state pair 1s then input 1nto the bin associ-
ated with the vehicle state pair. As the same unique combi-
nation of vehicle states occurs many times within the
database of drive files, each bin contains multiple tempera-
ture differences from different times and drive cycles.

At step 212, the set of temperature differences within each
bin 1s statistically analyzed. In one example, the mean or
average absolute deviation and the standard deviation of the
temperature differences within each bin 1s computed.

At step 214, the lookup table(s) are created.

In one example, the lookup table uses a vehicle state pair
as an iput to reference an associated predetermined thresh-
old value. The mean and standard dewviations, for each
speed-torque pair and bin, are used to determine a prede-
termined threshold value representative of an acceptable or
“normal” temperature difference for that driving condition
and for use in the lookup table. In one example, the
predetermined threshold value 1s set as being one standard
deviation above the mean of the temperature diflerences
within the bin. In one example, the predetermined threshold
value 1s set as being one mean deviation above the mean of
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the temperature differences within the bin. In further
examples, more than one deviation may be used to deter-
mine the predetermined threshold value. In other examples,
the predetermined threshold value may be set based on
another statistical analysis. The lookup table therefore con-
tains a set of predetermined threshold values that are depen-
dent on the vehicle state pair, which 1s representative of a
vehicle drive cycle.

In another example, a pair of lookup tables are created.
One lookup table contains a first value from the statistical
analysis, such as the mean temperature difference within
cach bin and for each vehicle state pair. Another lookup table
contains a second value from the statistical analysis, such as
a standard deviation of the temperature difference within
cach bin and for each vehicle state pair. By using two or
more lookup tables, additional flexibility 1s provided at step
162 above to calibrate components that are more or less
sensitive than others, and the controller uses this pair of
lookup tables to create and modity a third lookup table using
in the information from the pair of lookup tables while the
vehicle 1s operating, with the third lookup table contaiming
a set of predetermined threshold values as a function of
vehicle state pairs.

In other examples, steps 204-214 may be performed by
another machine learning algorithm to provide a lookup
table or the like. For example, a machine learning algorithm
such as a support vector machine, a neural network, or
another machine learming and classification techmque may
be used to determine the lookup table and threshold values
from the vehicle states and temperatures.

The method 200 may therefore compile a lookup table
using temperature difference data compiled from prior
vehicle drive cycles and dependent on the vehicle state. Each
predetermined threshold value may be set using the tem-
perature difference data from the associated vehicle drive
cycle, or vehicle state pair, and at least one of an average
deviation and standard deviation for temperature diflerence
data for the associated vehicle drive cycle.

The method 200 1s used to learn the standard temperature
differences, or temperature differences with an acceptable
fluid level above a predetermined threshold level, between
the component and the fluid, under a variety of use-cases and
driving conditions, by analyzing large data sets of driving
information from a fleet of vehicles via a controller. In this
case, mputs to the detection algorithm include, but are not
limited to, filtered component and tluid temperatures as well
as rolling averages of vehicle states such as torque and
speed. Other mput variables or inputs of interest for vehicle
state 1nclude machine speed, vehicle speed, coolant mass
flow, or heat transter rates.

Various embodiments accord to the present disclosure
have associated, non-limiting advantages. For example, the
method as described herein prevents overheating of the
bearings or other vehicle components due to insuilicient
coolant or lubricant 1n the system. The method provides for
an alert or diagnostic code regarding a fluid level 1n the
system without the use of a fluid level sensor. The alert or
diagnostic code as set by the controller may further cause the
controller to provide additional operating limitations for the
vehicle and the component to prevent the temperature of the
component Irom {further increasing. Furthermore, the
method as described by the present disclosure provides an
indication of flmd level without errors introduced by slosh
on an uneven ground surface when using a conventional
fluid level sensor such as a float sensor.

While exemplary embodiments are described above, 1t 1s
not intended that these embodiments describe all possible
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forms of the disclosure. Rather, the words used in the
specification are words of description rather than limitation,
and 1t 1s understood that various changes may be made
without departing from the spirit and scope of the disclosure.
Additionally, the features of various implementing embodi- 53
ments may be combined to form further embodiments of the
disclosure.

What 1s claimed 1s:

1. A vehicle comprising;

an electric machine positioned within a housing having a 1
sump;

a component temperature sensor connected to the electric
machine to measure a temperature of the electric
machine;

a fluid system in fluid communication with the housing 15
and containing a lubricant, the fluid system receiving
fluad from the sump and delivering fluid to the electric
machine, the fluid system having a fluid temperature
sensor to measure a temperature of the lubricant; and

a controller in communication with the component tem- 29
perature sensor and the fluid temperature sensor, the
controller configured to, 1n response to a temperature
difference between the component temperature sensor
and the flmd temperature sensor being greater than a
predetermined threshold value, output a diagnostic 2>
code indicative of the lubricant 1n the fluid system
being less than a predetermined fluid level.

2. The vehicle of claim 1 wherein the controller 1s further

configured to select the predetermined threshold value from
a set of predetermined threshold values. 30

3. The vehicle of claim 2 wherein the set of predetermined
threshold values 1s dependent on vehicle driving conditions.

4. The vehicle of claim 2 further comprising a torque
sensor associated with the electric machine; and

a vehicle speed sensor; 33

wherein the controller 1s in communication with the
torque sensor and the vehicle speed sensor and 1s
configured to mput a first value indicative of an electric
machine torque and a second value indicative of a
vehicle speed to select the predetermined threshold 4V
value from the set of predetermined threshold values.

5. The vehicle of claim 4 wherein the controller 1s further
configured to calculate the first value as a rolling average of
the electric machine torque, and calculate the second value
as a rolling average of the vehicle speed. 45

6. The vehicle of claim 4 wherein the controller 1s further
configured to 1nput the first value and the second value mnto
at least one look-up table containing the set ol predeter-
mined threshold values.

7. The vehicle of claim 1 wherein the fluid temperature >°
sensor 1s positioned in the sump of the housing.

8. The vehicle of claim 1 further comprising a transmis-
sion gearset, the transmission gearset positioned within the
housing.

9. The vehicle of claim 1 wherein the fluid system is >3
without a flmd level sensor.

10. A vehicle system comprising:

a vehicle component with a component temperature sen-

SOT';

a fluid circuit in fluid communication with the component, 6

and with a fluid temperature sensor; and
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a controller 1in communication with the component sensor
and the fluid sensor and configured to, 1n response to a
temperature difference between the component sensor
and the fluid sensor being greater than a predetermined
threshold value, output a flag indicative of a fluid level
in the fluid circuit.

11. The vehicle system of claim 10 wherein the controller
1s further configured to select the predetermined threshold
value from a set of predetermined threshold values, the set
of predetermined threshold values dependent on vehicle
driving conditions.

12. The vehicle system of claim 11 wherein the controller
1s Turther configured to receive at least one signal indicative
of a vehicle state to determine the vehicle driving condition.

13. The vehicle system of claim 10 wheremn the fluid
circuit contains one of a coolant and a lubricant:

wherein the flmd circuit 1s without a fluid level sensor;
and

wherein the tlag 1s indicative of the fluid level 1n the fluid
circuit being less than a predetermined fluid level.

14. The vehicle system of claim 13 wherein the vehicle
component contains a first member rotating relative to a
second member.

15. A diagnostic method for a vehicle fluid system, the
method comprising:

recerving a signal indicative of a vehicle component
temperature;

recerving a signal indicative of a fluid system temperature
from a fluid system in fluid communication with a
vehicle component; and

outputting a diagnostic code indicative of a fluid level 1n
response to a temperature difference between the
vehicle component temperature and the fluid system
temperature being greater than a predetermined thresh-
old value.

16. The method of claim 15 further comprising selecting
the predetermined threshold value from a set of predeter-
mined threshold values, the set of predetermined threshold
values dependent on a vehicle drive cycle.

17. The method of claim 15 further comprising:

recerving at least one signal indicative of a vehicle state;
and

selecting the predetermined threshold value from a set of
predetermined threshold values, the set of predeter-
mined threshold values dependent on the vehicle state.

18. The method of claim 17 wherein the vehicle state 1s at
least one of a torque value and a speed value.

19. The method of claim 18 further comprising calculat-
ing the vehicle state using a rolling average of data from the
at least one signal.

20. The method of claim 19 further comprising inputting,
the vehicle state into a lookup table to select the predeter-
mined threshold value, the lookup table compiled using
temperature difference data compiled from prior vehicle
drive cycles and dependent on the vehicle state, with each
predetermined threshold value set using the temperature
difference data from the associated vehicle drive cycle and
at least one of an average deviation and standard deviation
for temperature diflerence data for the associated vehicle
drive cycle.
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